Objective: In shared medical appointments (SMAs), multiple patients with a similar clinical diagnosis are seen by a multidisciplinary team for interactive group sessions. Very few studies have specifically studied SMAs and weight loss in patients with obesity. This study compared weight loss outcomes and anti-obesity medication (AOM) access between patients with obesity managed through (SMAs) versus individual appointments.
Introduction
The recognition of obesity as a chronic disease by the American Medical Association in 2013 (1) encourages physicians to be on the forefront of not only treating obesity-related comorbidities, but also the primary problem of weight management. However, due to limitations in time and resources, physicians often focus on the consequences of obesity, rather than the primary problem of obesity itself. Patients may be prescribed antihypertensives or diabetes medications, but typically only receive brief advice on weight management (2) . Additionally, anti-obesity medications (AOMs) are prescribed to <2% of patients who are eligible (3) . These current methods of obesity treatment do not provide patients with the intensive interventions needed for long-term weight loss success (4) .
Shared medical appointments (SMAs) may be one method to deliver effective and efficient obesity treatment (5) . SMAs are group medical visits where multiple patients with a similar clinical diagnosis are seen by a multidisciplinary team for interactive group sessions that typically last 60 to 90 minutes each (6) . Theorized beneficial aspects of SMAs include fostering patient-patient and patient-caregiver relationships, co-learning from others with the same condition, gaining inspiration from others' successes, better understanding of patients' needs by providers, greater provider-patient interaction time, and improved patient trust in providers (7) . Patients experience the support of other patients and often learn more than during a traditional appointment as a result of the longer sessions and from questions and comments shared by other SMA participants (8) . Data on the use of SMAs continues to accumulate, particularly in the field of diabetes (9) (10) (11) (12) (13) (14) (15) (16) . Reviews of such research have concluded that while there are indications of improved outcomes in patients managed with SMAs, the small size and heterogeneity of studies thus far does not allow for conclusions to be drawn from the collective body of research (16, 17) .
Very few studies have specifically studied SMAs as a weight loss strategy in patients with obesity (18) (19) (20) . This study examines the hypothesis that patients involved in weight loss-focused SMAs would experience greater weight loss over a 2-year period compared to patients who received standard obesity management through individual medical appointments alone.
Methods

Study Design and Population
This retrospective study included patients age 18 years with body mass index (BMI) 27 kg/m 2 who were seen in the Cleveland Clinic Main Campus Department of Endocrinology with an International Classification of Diseases (ICD) encounter diagnoses for obesity or morbid obesity (ICD-9: 278.00, 278.01, V85.41, V85.43; ICD10: E66.01, E66.09, E66.9, Z68.41, Z68.43) between September 2014 and February 2017. Patients in the SMA group attended at least 1 SMA during this study period with the option of scheduling supplemental individual medical appointments, as needed. Patients in the non-SMA group were those who had an ICD-9 encounter diagnosis code for obesity or morbid obesity during an individual medical appointment with an endocrinologist during the same study period. Data were collected from extraction of electronic medical record (EMR) data. This study was approved by the Institutional Review Board at the Cleveland Clinic.
Obesity Shared Medical Appointments
The process and structure of SMAs provided through the Cleveland Clinic Main Campus Department of Endocrinology are illustrated in Figure 1 . Patients with obesity were referred for an obesity SMA through self-referral or referral from their primary care provider or endocrinologist. Patients who present with the primary intent of weight loss are generally good candidates for SMAs. In general, referral suitability was a judgment call on the part of the clinician based on a sense of whether the patient would benefit from the socialization aspect and/or accountability structure of SMAs. Once a patient was referred, the first step was an individual encounter with an obesity specialist (physician or nurse practitioner). This initial meeting entailed an overview of the expectations and goals of the 
Usual Care Individual Medical Appointments
This reference group included all patients with an ICD-9 encounter diagnosis of obesity or morbid obesity during the study period who had been seen in the Department of Endocrinology by a general practicing endocrinologist who did not conduct SMAs. While it is presumed that obesity was addressed in the appointment, it may not have been the primary focus. The intensity and frequency of obesity treatment provided to these patients was at the discretion of the provider.
Measures
The primary outcome of this study was percent weight loss from baseline weight. Baseline weight was defined as the recorded weight at the enrollment of the SMA program for the SMA group or the recorded weight at the first individual appointment during the study period for the non-SMA group.
Outcome weight was defined by the weight measured at the nearest outpatient visit, as recorded in the EMR, at 6-months (±30 days), 1-year (±30 days), and 2-years (±60 days). Other variables collected from the EMR included: age at enrollment, gender, race, marital status, insurance type, median household income (defined as the 2011-2015 5-year estimates of median household income at the block group level obtained from the American Community Survey conducted by the U.S. Census Bureau [21]), weight, blood pressure, selected comorbidities using ICD-9 and -10 codes (type 2 diabetes (T2D), hypertension, dyslipidemia), and use of an AOM (defined as prescription of at least one AOM, phentermine-hydrochloride, phentermine-topiramate (Qsymia ® ), lorcaserin (Belviq ® ), bupropion-naltrexone (Contrave ® ), liraglutide (Saxenda ® , Saxenda XR ® ), or orlistat (Xenical ® , Alli ® ), for at least 90 days within the study period), number of SMA visits, and duration of SMA enrollment (time between first and last SMA visits).
Statistical Analysis
Descriptive and outcome data were analyzed using chi-square for categorical variables and t-test for continuous variables for unmatched comparisons. Prior to propensity matching, weight loss was compared between SMA and non-SMA groups while stratified by use of an AOM. To account for differences in baseline characteristics, a logistic regression model including age, gender, race, marital status, insurance type, median household income, baseline weight (kg), and diagnosis of T2D at baseline was used to generate a propensity score for attending an SMA. Patients in the SMA group were matched 1:1 with patients who did not attend an SMA (non-SMA group) using a caliper width of 0.2. Patients with missing weight values were excluded from that specific analysis. Post-match analyses were performed using paired t-test. Statistical analysis was performed using R statistical software.
Results
Population Description Prior to Propensity Matching
A total of 310 patients were identified in the SMA group and 1993 patients in the (non-SMA) group.
In the SMA group, the median number of SMAs was 4 (IQR 2-8; range, 2-37) and the median duration of enrollment (SMA participation) was 1.2 years (IQR 0.5, 2.0; maximum 3.6 years).
Baseline characteristics are shown in Table 1 . Patients in the SMA group were more likely to be female (83.9% vs. 68.2%), participate in the Cleveland Clinic Employee Health Plan (21.2% vs. 5.4%), had a higher initial BMI (40.6 kg/m 2 vs. 38.6 kg/m 2 ), had a lower income ($50,715 vs. $55,110), and had a lower baseline prevalence of T2D (37.4% vs. 53.2%) compared to those in the non-SMA group (all P<0.001). AOMs were prescribed for 50.3% (n=156) of patients in the SMA group and 7.1% (n=142) of patients in the control group ( Table 2) . The most used AOM was phentermine hydrochloride, an AOM approved for short-term use (46.5% of SMA patients; 4.7% of non-SMA patients). Patients in the SMA group had a mean (SD) of 6.19 (3.13) endocrinology visits as compared to a mean of 2.14 (2.07) visits in the non-SMA group.
Population Description after Propensity Matching
Propensity matching identified 301 matched pairs that were well-matched on all measured baseline variables ( Table 3 ). The median age of the matched patients was 52 years, and 83% of patients were female. In this propensity matched population, 150 (49.8%) patients (in the SMA group and 37 (12.3%) patients (in the non-SMA group were prescribed an AOM. Patients in the matched SMA group had a mean (SD) of 6.18 (3.31) endocrinology visits per patient as compared to a mean of 2.13 (2.07) visits per patient in the non-SMA group.
Weight loss outcomes after propensity matching
Patients in the SMA group lost more weight at 6-months, 1-year, and 2-years compared to the matched non-SMA group ( Table 4 ). The average weight loss at 1-year was 5.2% in the SMA group, compared to 1.8% in the non-SMA group (P<0.001). At 1 year, the proportions of patients who lost >5% and 10-15% of their baseline weight were higher in the SMA group as compared to the non-SMA group (Figure 2 ).
Discussion
In this longitudinal retrospective cohort study, patients enrolled in the SMA program had superior weight loss outcomes compared with a matched cohort of patients who had obesity addressed in individual medical appointments of usual care alone. In propensity-matched comparisons, patients in the SMA group lost a mean of 5.2% of body weight at 1-year, compared to patients in the non-SMA group who experienced a mean 1.8% weight loss over the same period. These findings are relatively consistent with those reported in prior studies (18) (19) (20) . A non-controlled study of 216 participants of programmed SMAs for weight management reported an overall mean weight loss of 3.2%, and even higher (4.2%-4.3%) among patients who completed at least four of six SMA sessions (19) . That study also reported that the programmed SMAs were estimated to be four times more cost effective and seven times more effective than individual medical appointments for weight loss. In a study of 74 patients who participated in weight loss-focused SMAs (mean baseline BMI, 35.3 kg/m 2 ), this group lost an average of 1.0% of baseline weight compared to a non-matched control group (mean baseline BMI, 29.4 kg/m 2 ) which experienced an average increase of 0.8% of baseline weight (18) . In a noncontrolled study of 222 patients who attended at least one SMA for weight loss over a nine-month period, 41% of patients achieved a 5% weight loss (20) .
Prior evidence has shown that weight loss in the range of 3%-5% of body weight can be associated with clinical health benefits such as improved glycemic control (22) ; the mean weight loss in the SMA group in our study was 5.2%. Furthermore, a 5% loss of body weight has been previously associated with improvement in several cardiovascular risk factors, including improvements in blood pressure and cholesterol (22) ; this degree of weight loss was attained by almost half of patients in the SMA group. The degree of weight loss achieved by patients who attended SMAs is comparable to that of intensive lifestyle interventions outside of the medical setting, where participants have been reported to lose 3-8% of initial body weight (23) (24) (25) (26) . Participants in SMAs may gain additional benefits from being seen by obesity-focused medical providers, such as prescription of AOMs, identification of medications that promote weight gain, and management of obesity-related comorbidities. SMAs also provide opportunity for comprehensive medical care of obesity, such as addressing nutrition, exercise, sleep, and stress management. Patients in SMAs can learn from their peers' experiences to gain a better understanding of their obesity treatment options (5).
However, like longitudinal studies of weight loss, our data show that weight loss maintenance over 2years was a challenge. In the SMA group, patients lost 5.2% of body weight at 1-year, but at 2-years median weight loss was 3.8%. This may be due to inconsistent SMA attendance, patient dropout from SMAs, or the use of phentermine, an AOM approved only for short-term use. In other studies, only 20% of patients were able to maintain their weight loss 1-year after treatment end (27, 28) . Weight loss maintenance is difficult due to the emergence of a hormone profile and physiologic adaptations that promote weight regain (29) . These data highlight the need for chronic obesity management. In order to adequately treat patients, medical management needs to be continued long term, and there is a need for continual patient engagement in obesity treatment. Prior research has identified factors such as follow-up visit frequency (30, 31) and interdisciplinary intervention (32) as contributing positively to weight loss over periods of one to two years, both of which are characteristics of the SMA approach.
All the patients in our study were eligible to take an FDA-approved AOM due to their diagnosis of obesity. However, AOM prescriptions varied markedly between the SMA group (49.8% of patients prescribed an AOM) and the matched non-SMA group (12.3% of patients prescribed an AOM), possibly due to differences in provider experience in prescribing AOMs (2) . The majority of AOM prescriptions were phentermine hydrochloride, approved only for 3-months of use. Thus, isolating the contribution of AOMs vs the effect of SMAs on weight loss outcomes is difficult to discern in our study. However, in clinical trials, AOMs have been shown to produce an additional weight loss of 3-7% compared to lifestyle interventions alone (33) . Thus, increased access to AOMs may be an intermediate benefit of SMAs regarding weight loss efficacy.
One limitation in this study it that due to its retrospective nature, patients in the SMA group differed from those in the non-SMA group. Patients in the SMA group were more likely to be female, be covered under the Cleveland Clinic Employee Health Plan, have a higher baseline BMI, and were less likely to be Caucasian. In an attempt to address these differences, propensity score matching was used to identify cohorts that were balanced in selected baseline variables. This allowed for control of potential confounding factors in a large population of patients who attended SMAs and individual medical appointments for obesity. However, limitations of propensity score matching apply to this study, particularly that unmeasured variables, such as motivation to participate in a structured group program for weight management or patient interest in AOMs, may have introduced confounding. The SMA cohort was likely to have been comprised largely of motivated individuals actively seeking weight loss treatment, while those counseled through individual appointments may have been more passive in their approach to weight loss.
Another limitation is that, although individual medical appointments were conducted in the Department of Endocrinology, level of care was left to the discretion of the individual provider, likely reflecting the heterogeneity of obesity treatment provided in real-world clinics. Given the challenges of intensive obesity treatment, it is possible that some patients in the non-SMA group may have received minimal obesity care. The non-SMA patients also had fewer mean numbers of endocrinology visits compared to the SMA cohort. Further, patients with missing weight values at specific timepoints, most likely due to patients not following-up in clinic, were excluded from that analysis.
Excluding these patients may have added selection bias to our results.
In addition, the use of coding to identify patients with obesity in the non-SMA group has limitations, in that it cannot be confirmed with absolute certainty that robust discussions around weight management occurred between providers and these patients. However, given evidence that in the US, only 28% of patients with a BMI≥30 kg/m 2 are coded for obesity (34) , it is clear that this is not a common practice and thus, is likely to indicate, that some level of focused discussion about weight management did occur at that visit.
Finally, it is possible that referral to any type of weight management counseling outside of a patient's primary care provider leads to better weight loss, whether as a group or individual. For example, data from the POWER-UP trial (35) found that patients who participated in regular weight counseling activities by a medical assistant in addition to ongoing visits with their primary care physician (PCP) lost more weight than did those who received only counseling from the PCP. The group strategy may still have cost effectiveness benefits compared to individual appointments and be preferred by some, but not all, patients.
With the increasing time constraints placed on physicians, SMAs allow providers to increase their productivity by seeing more patients in a given timeframe, thus allowing for a more appropriate amount of time to specifically address obesity management. Further, patients have more time with the provider(s) leading the SMAs. Coordinated SMA programs may also allow patients to access more tools that can aid in chronic weight management, evidenced by the higher percentage of AOM utilization in the SMA group as compared to the non-SMA group. Our findings suggest that SMAs in this context might offer a means of achieving clinically meaningful weight loss in some patients. This concept should be considered and researched further as a way to provide effective treatment to a higher number of patients with obesity. Future work should further evaluate differences in weight loss outcomes between patients participating in SMAs and taking AOMs compared to patients participating in SMAs without use of AOMs. 
